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(54) Electroluminescent device with improved hole transport layer 

(57) An organic electroluminescent device, includ- 
ing an anode and cathode and therebetween a hole mow lml 

transport layer; and an electron tranport layer disposed fl_ 

in an operative relationship with the hole transport layer; 
wherein the hole transport layer includes at least an aro- 
matic hydrocarbon or fused hydrocarbon containing at 
least 20 carbon atoms and having an ionization poten- 
tial greater than 5.0 eV 
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[0008] The use of organic compounds outside the aromatic amines class for the hole-transport layer in organic EL 
devices is not common, given the well-known hole-transport properties of the aromatic amines. However, there is a sig- 
nificant disadvantage of using aromatic amines as the hole-transport layer in the bi-layer EL device. Since amines are 
generally strong electron donors, they can interact with the emissive materials used in the electron-transport layer, 
5 resulting in the formation of fluorescence quenching centers and a reduction in the EL luminous efficiency. 

[0009] It is an object of the present invention to provide organic compounds outside the class of aromatic amines 
as the hole transport layer in organic EL devices, which result in enhanced EL performance. 
[001 0] This object is achieved in an organic electroluminescent device, comprising: 

10 an anode and cathode and therebetween a hole transport layer; and an electron tranport layer disposed in an oper- 
ative relationship with the hole transport layer; wherein: 

the hole transport layer includes at least an aromatic hydrocarbon or fused aromatic hydrocarbon containing at 
least 20 carbon atoms and having an ionization potential greater than 5.0 eV. 

is [001 1 ] Representative examples of the hole transport layer material include: 

a) Anthracene derivatives of formula I: 

20 R 3 




wherein: 

30 substituents R 1 , R 2 , R 3 and R 4 are each individually hydrogen, or alkyl of from 1 to 24 carbon atoms; aryl or 

substituted aryl of from 5 to 28 carbon atoms; or heteroaryl or substituted heteroaryl of from 5 to 28 carbon 
atoms; or fluorine, chlorine, bromine; or cyano group; 

b) Arylethylene and arylacetylene derivatives of formulae II, III, IV, and V: 
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wherein: 



n is integer from 1 to 6; substituents R 1 R 2 r3 r4, r s anH d6 

1 to 24 carbon atoms; aryl or substituted aryl of from 5 S ^'f mMlu ^f ^^n. or alkyl of from 
oar^fromstoascafcon atoms; ^^S^J^S^**^* 

o) polypheny! hydrocarbons of formula VI: 
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VI 



wherein: 

n Is integer from 1 to 6; 
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substituents R 1 , R 2 and R 3 are each individually hydrogen, or alkyl of from 1 to 24 carbon atoms; aryl or sub- 
stituted aryl of from 5 to 28 carbon atoms; or heteroaryl or substituted heteroaryl of from 5 to 28 carbon atoms; 
or fluorine, chlorine, bromine; or cyano group. 

5 [001 2] Aromatic hydrocarbon or fused aromatic hydrocarbon that are used in the hole transporting layer have the 
feature that do not need to include alkylamino- or arylamin - moieties; 

[001 3] The aromatic hydrocarbon or fused aromatic hydrocarbon in accordance with the present invention have an 
ionization potential larger than 5.0 eV. 

[001 4] Quite unexpectedly, it has been found that hole transport layers in accordance with the present invention that 
10 have an ionization potential greater than 5.0 eV effectively work with the electron transport layer or an emissive layer or 
an electron transport layer which also functions as an emissive layer to provide a highly efficient electroluminescent 
device. 

FIG. 1 illustrates the cross-section of a bi-layer organic EL device; 
15 fig. 2 illustrates the cross-section of an EL device with a modified bi-layer structure; and 

FIG. 3 illustrates the energy level diagram of an organic EL device with a bi-layer structure as described in FIG. 1 . 

[001 5] FIG. 1 illustrates the basic structure used in the construction of organic EL device of this invention. It is a bi- 
layer structure comprising an organic hole transport layer 30 and an organic electron transport layer 40. The electron 
20 transport layer is also the emissive layer from which electroluminescence originates. Together, they form the organic EL 
medium 50. The anode 20 is adjacent to the hole transport layer and the cathode 60 is adjacent to the electrode trans- 
port layer. The substrate is layer 10. This figure is for illustration only and the individual layer thickness is not scaled 
according to the actual thickness. 

[001 6] FIG. 2 illustrates an alternative construction of the organic EL device of this invention. It is a modified bi-layer 

25 structure. The EL medium contains an emissive layer between the hole transport layer and the electron transport layer. 
This emissive layer is the layer from which electroluminescence originates. Thus, layer 300 is the hole transport layer, 
layer 400 is the emissive layer, layer 500 is the electron transport layer, and together they form the electroluminescent 
medium 600. Layer 200 is the anode and layer 700 is the cathode. The substrate is layer 100. This figure is for illustra- 
tion only and the individual layer thickness is not scaled according to the actual thickness. 

30 [0017] FIG. 3 illustrates the energy level diagram of an organic EL device with a bi-layer structure as described in 
FIG. 1. The organic EL medium is represented by a hole-transport layer with a characteristic low ionization potential 
energy, and an electron transport layer with a relatively higher ionization potential energy. The ionization potential 
energy or ionization potential (IP) for a molecular solid is defined as the energy difference between the vacuum level 
and the highest occupied molecular orbital (HOMO) level of the solid. The vacuum level is usually referred to as the ref- 

35 erence level from which the energy levels of the molecular solid are measured. The HOMO is the highest energy level 
filled with electron and in which the hole is free to move. Similarly, the lowest unoccupied molecular orbital (LUMO) is 
the lowest energy level devoid of electron and in which free electron is free to move. The energy difference between 
HOMO and LUMO is the bandgap within which there are no available molecular orbital states. The IP value is a meas- 
ure of the minimum energy required to remove an electron from the molecular solid and can be easily obtained exper- 

40 imentally by photoemission techniques which have been well described in the literature. 

[0018] The bi-layer structure as illustrated in FIG. 1 is designed to confine the electron hole recombination at the 
interlace between the hole transport layer and the electron transport layer. This confinement is accomplished by estab- 
lishing either an electron injection barrier or a hole injection barrier or both at the interface. Referring to the hole injection 
barrier, it is the difference between the HOMO levels of the hole transport and electron transport layers, as indicated by 

45 the symbol, <|>, in FIG. 3. For large <t> values, > 0.5 eV, the hole migrating through the hole transport layer towards the 
interface will be unable to overcome the potential energy barrier and will thus be trapped at the hole transport layer side 
of the interface. Likewise, the electron injection barrier is the difference between the LUMO levels and a large electron 
injection barrier for electron injection will localize the electron at the electron transport layer side of the interface. As a 
result of these charge localizations created by a proper choice of the hole transport and electron transport materials, 

so the electron hole pair will tend to recombine at the interface producing electroluminescence which is characteristics of 
the interface. 

[001 9] Conventional hole transport materials used in EL devices are mostly arylamines because their hole mobility 
is among the highest found in common organic materials. Materials with a high mobility are desirable for current-driven 
devices such as organic EL as the voltage require to operate the device will be low. The arylamines are also known to 
55 have the lowest ionization potentials among organic materials. Thus, for creating a hole injection barrier between the 
hole transport layer and the electron transport layer in a bi-layer EL device, arylamines are appropriate. Highly efficient 
EL devices have been produced using a variety of arylamines as the hole transport layer. 
[0020] A class of arylamines found particularly useful in organic EL devices is represented by formula VII: 
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VII 



wherein 



R 1 . R 2 . R 3 and R 4 are independently selected aryl groups. 
t002U These arylamines are particularly usefu. as the hole transport materia, in EL devices. 




Compound 2 
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Compound 3 
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20 
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25 Compound 4 



[0022] Although aryiamines are useful as hole transport materials in EL devices, they do have a number of def icien- 
30 cies. First, as a class of organic materials, they are relatively strong electron donors, meaning that they can be easily 
oxidized and therefore are unstable in amibient environments. Second, when used as a hole transport layer adjacent to 
an electron transport layer in an EL device, the aryiamines may interact with the electron transport layer to produce non- 
emissive centers which will result in a loss of electroluminescence. Third, because of the low ionization potential of the 
aryiamines, the hole injection barrier formed between the arytamine hole transport layer and the electron transport layer 
35 will cause the holes to localize in the aryiamines which will also result in a loss of electroluminescence. For these rea- 
sons, new hole transport materials are useful to further improve the EL device performance. 
[0023] The new hole transport materials in this invention include aromatic hydrocarbons or fused aromatic hydro- 
carbons with a molecular structure containing at least 20 carbon atoms and have an ionization potential greater than 
5.0 eV; 

40 [0024] A representative class of the hole transport materials includes anthracene derivatives of formula I: 




45 



so 

wherein: 

substituents R 1 , R 2 , R 3 and R 4 are each individually hydrogen, or alkyl of from 1 to 24 carbon atoms; aryl or sub- 
stituted aryl of from 5 to 28 carbon atoms; or heteroaryl or substituted heteroaryl of from 5 to 28 carbon atoms; or 
55 fluorine, chlorine, bromine; or cyano group. 

[0025] The following molecular structures constitute specific examples of anthracene derivatives represented by 
the general formula I. These compounds are particularly useful as the hole transport material in EL devices. 
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Compound 14 




Compound 15 




Compound 16 




Compound 17 



11 



EP1 009041 A2 



Compound 18 



Compound 19 
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Compound 28 
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Compound 33 




Compound 34 
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Compound 36 
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Compound 42 




Compound 43 



Compound 44 
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Compound 45 



[0026] Another representative class of the hole transport materials of this invention includes arylethylene and ary- 
lacetylene derivatives of formula II, III, IV and V. 
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n is integer from 1 to 6; 
orlS^ 

atoms; or fluorine, chlorine, bromine^? 0 ^ * * " heteraar * of f ™ * to 28 carbon 

<o -J*- of arylethylene and ary.acety.ene denVa- 

port material in EL devices. ' These a^Wunds are particularly useful as the hole trans- 
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Compound 51 
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Compound 55 




Compound 57 
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so n is integer from 1 to 6* 
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Compound 61 




Compound 62 




Compound 63 
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Arylamines and aromatic hydrocarbons 
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tons present in the electron transport layer to prcd^ eSlm^ ^ e " er9/ and recombine "» »• elec- 
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PBD of diazole derivatives. C. Adachi et al.. Appl. Phys. Lett. 55 (15), 9, pgs. 1489-1491 , October 1989; 6.1 eV for TPBI 
of aryibenzimidizoles, commonly assigned US-A-5,766,799. Thus, a useful range for the ionization potential of the hole- 
transport material is 5.0 eV or greater. 

[0033] In forming the hole transport layer of the organic EL device, the hole transport materials of this invention can 
5 be deposited by a number of methods. The preferred method is by vacuum vapor deposition as these aromatic hydro- 
carbons have good thermal stability and can be sublimed into thin film. Alternately, they can be dissolved in appropriate 
solvents and be cast into layers or thin films. Other deposition methods such as printing by the inlqet method, thermal 
transfer, laser abrasion and sputtering are useful. 

[0034] The bi-layer EL device is the basic structure providing high luminous efficiencies and low-voltage operation. 

10 Alternative EL device structures have been demonstrated providing improved device performance. These alternative 
device structures include features in addition to the basic bi-layer structure such as the following structure (a) hole injec- 
tion layer as disclosed in US-A-4,356,429; (b) cathode modification with alkaline or alkaline hafides as disclosed in US- 
A-5, 776,622; (c) anode modification with plasma-deposited flurocarbons, and (d) doped emitter layer inserted between 
the hole transport and electron transport layer as disclosed in US-A-4,769,292. These EL device structures retain the 

15 hole transport layer as one the component of the electroluminescent medium. Therefore, the aromatic hydrocarbon or 
fused hydrocaibon hole transport materials disclosed in this invention are applicable to these EL device structures as 
well. 

[0035] A preferred EL device structure comprises an anode, a hole transport layer, an emissive layer, and an elec- 
tron transport layer. In this preferred EL structure, the emissive layer is capable of transporting electrons as well, thus it 
20 can be considered as an electron transport layer with the added function of being highly luminescent. The principle 
function is to provide efficient emissive centers for electroluminescence. This emissive layer comprises a host material 
doped with one or more fluorescent dyes (FD). The fluorescent dye is usually present in an amount on the order of a 
few molar percent or less of the host material and it is sufficient to cause the EL emission to be predominantly that of 
the fluorescent dye. Using this method, highly efficient EL devices can be constructed. Simultaneously, the color of the 
25 EL devices can be tuned by using fluorescent dyes of different emission wavelengths. By using a mixture of fluorescent 
dyes, EL color characteristics of the combined spectra of the individual fluorescent dyes are produced. This dopant 
scheme has been described in considerable details for EL devices in commonly-assigned US-A-4,769,292. 
[0036] An important relationship for choosing a fluorescent dye as a dopant capable of modifying the hue of light 
emission when present in a host material is a comparison of their bandgap potential which is defined as the energy dif - 
30 ference between the highest occupied molecular orbital and the lowest unoccupied molecular orbital of the molecule. 
[0037] Preferred host materials for the emissive layer of the organic EL device disclosed in this invention are metal 
chelated oxinoid compounds, including chelates of oxine itself (also commonly referred to as 8-quinolinol or 8-hydroxy- 
quinoline or Alq). Another class of preferred host materials is a mix ligand 8-quinoiinolato aluminum chelates which 
have been disclosed in US-A-5,1 41 ,671 . Another class of preferred host materials is distrylstibene derivatives as dis- 
ss closed in US-A-5,366,81 1 . 

[0038] For efficient energy transfer from the host to the dopant molecule, a necessary condition is that the band gap 
of the dopant is smaller than that of the host material. Preferred fluorescent dyes used as the dopant in the emissive 
layer include coumarins, stilbenes, distrylstilbenes, derivatives of anthracene, tetracene, perylenes, rhodamines, and 
arylamines 

40 [0039] The molecular structures of the preferred fluorescent dyes for the emissive layer in the EL device are listed 
as follows: 
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FD9 X = S,Rl=R2 = Alkyl 
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FD11 R = Me 
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washed with 0.1 M HCI followed by water. After removal of solvents, crude residues were purified by chromatography 
on silica gel using 3% methanol in dichloromethane as eluents. After drying, 18.0 g of pure 3,5-(diphenyl)bromoben- 
zene was collected, yielding 30.0%. 

s Example 2 - Synthesis of 9.KXH-f3.5-dlPhenvnphenvl anthracene (Compound 5) 

[0045] To a suspension of 6.5 g (0.02 mol) of 9, 1 0-dibromoanthracene and 0.5 g of bis-(triphenyiphosphine)-pa!Ia- 
dium(ll) chloride in 100 mL of dry THF at refluxing was added a solution of 3,5-(diphenyl)phenylmagnesium bromide, 
which was freshly prepared from 15.5 g (0.05 mol) of 3,5-(diphenyl)bromobenzene in 1 50 mL of dry THF and 1 .5 g mag- 

io nesium in 30 mL of dry THF with 1 ,2-dibromoethane as an initiator. After addition, the reaction mixture was maintained 
at reflux for three hours. Then it was cooled and 30 mL of water was carefully added. After removal of the solvents by 
vacuum rotary evaporator, the residue was extracted by dichloromethane followed by washing with dilute hydrochloric 
acid and water. The dichlomethane solution was dried over sodium sulfate and passed it through silica gel column. The 
solvents were removed. The pure 9,10-di-(3*,5'-diphenyl)phenyl anthracene (Compound 5) (9.5 g) was obtained by 

is recrystallization from hexane. Yield 75.0 %. 

Example 3 - Synthesis of 3.5-dl-fm-t oty»bromobenzene 

[0046] To a solution of 1 ,3,5-tribromobenzene (47.3 g, 0. 1 5 mol) in 1 50 mL of dry tetrahydrof uran (THF) was added 
20 0.5 g of bis-(triphenylphosphine)-palladium (II) chloride under nitrogen. After the solution was degassed with dry nitro- 
gen for 5 minutes, 155 mL of m-tolyl magnesium bromide (0.2 M in THF) was added through an addition funnel at 70 
°C under nitrogen. The reaction mixture was stirred under reflux for another two hours after addition. After cooling the 
reaction mixture was quenched by slowly adding 50 mL of 0.5 N HCI with stirring. Then the solvents were removed via 
a rotary evaporator. The residue was dissolved in hexane and washed with 0.1 M HCI followed by water. After removing 
25 the solvent, the crude residue was purified by chromatography on silica gel using hexane as the eluent. After drying, 
28.0 g of, 3,5-di -m-tolyl bromobenzene was collected. Yield 55.3%. 

Example 4 - Synthesis of aiO-dl-fl'.S'-nvtolyHphenyl gmhracene (Compound 11) 

30 [0047] To a suspension of 6.5 g (0.02 mol) of 9.1 0-dibromoanthracene and 0.5 g of bis-(triphenylphosphine)-palla- 
dium(ll) chloride in 1 00 mL of dry THF at refluxing was added to a solution of 3,5-di(m-tolyl)phenylmagnesium bromide, 
which was freshely prepared from 15.5 g (0.046 mol) of 3,5-di-(m-tolyl)bromobenzene in 150 mL of dry THF and clean, 
dry 1 .5 g magnesium in 30 mL of dry THF with 1 ,2-dibromoethane as an initiator. After the addition, the reaction mixture 
was kept at reflux for another three hours. Then the reaction mixture was cooled and 30 mL of water was carefully 

35 added. After removal of the solvents by a rotary evaporator, the residue was extracted by dichloromethane followed by 
washing with dilute hydrochloric acid and water. The dichlomethane solution was dried over sodium sulfate and passed 
through a silica gel column. The pure 9,10-di-(3',5 , -m-tolyO-phenyl anthracene (compound 1 1) (1 1.5 g) was obtained by 
recrystallization from 300 mL of hexane. Yield 76.8%. 

40 Example 5 - Synthesis of 3 r 5-(1-naphthyi)bromobenzene 

[0048] To a solution of 1,3,5-tribromobenzene (105.0 g, 0.22 mol) in 500 mL of dry tetrahydrof uran (THF) was 
added 1.0 g of bis-(triphenylphosphine)-paJladium(ll) chloride under nitrogen. After the solution was bubbled with dry 
nitrogen for 5 minutes, 1-naphthylmagnesium bromide, which was prepared from 150.0 g (0.48 mol) of 1 -bromonaph- 

45 thalene in 100.0 mL of dry THF and clean, dry 18.0 g of magnesium in 250 mL of dry THF with 1 ,2-dibromoethane as 
an initiator, was added through an addition funnel at 70 °C under nitrogen. The reaction mixture was stirred under reflux 
for another two hours. After the reaction mixture was cooled, it was quenched by slowly adding 25.0 mL of 5% HCI with 
stirring. Then the solvents were removed via a rotary evaporator. The residue was dissolved in dichloromethane and 
washed with 0.1 M HCI followed by water. After removal of solvents, the crude residue was purified by crystallizing from 

so heptane. A 57.0g of pure 3,5-di(1 -naphthyl) bromobenzene was collected. Yield 63.5%. 

Example 6 - Synthesis of 9,io^i-f(3,5-(l-n9PhthYl)-phenyi]9nthr9cene (Compound 12) 

[0049] To a suspension of 6.7 g (0.02 mol) of 9.1 0-dibromoanthracene and 0.3 g of bis-(triphenylphosphine)~palla- 
55 dium(ll) chloride in 150 mL of dry THF heated at refluxing was added to a solution of 3,5-di-(1-naphthyi)phenylmagne- 
sium bromide, which was freshly prepared from 18.4 g of (0.045 mol) of 3,5-di-(1 -naphthyl)* bromobenzene in 1 50 mL 
of dry THF and clean, dry 1 .5 g of magnesium in 30 mL of dry THF with 1 ,2-dibromoethane as an initiator. After the 
addition, the reaction mixture was kept at reflux for another three hours. Then the reaction mixture was cooled and 30 
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Example 7 - Synthesi s of ? -n anh thvten fl homm. ~m 

ha» hour, a solution of B(0Me) 3 (26.6 mL i 1 g 0 28 mol!^ SZZfF^™ * *** for a. 

perature kept below -60 »C The eJhin , ^ 01 dry THF added dro P* is e. with the tern- 

300 mL oMO u HO Zs acSS X 5 SuTst^ ^,2^ V"" * ^ ,emPeratUre overn ^ *•" 
added, and the aqueous layer ^ ectectS^S^ II ^ °^ h ° Ur U " der nitro8en - Water and *her were 
MgS04 and evirated XZSSSSSSZ STEtS oT^sS T? ^ "~ ™ 
reaction without further purification. ( 0 9 ' 95%)l " hl * 086(1 in the coupling 

Example 8 - Synthesis of 9,io-(ii-f?-naDhthvn an th^ ft f r m rn ntii 17 ) 
SLce^i/o^ 

of ethanol. The read miJe^s SEX Sen Sf o^lfc i?JT°- h ^ * ,0,Uene and 100 mL 
organic suspension layer was separate ie ^^^^20 ^ ^j£2Z ™T' *" 
vigorous stirring. The aqueous layer was separated aoain ,J refluxed for on e hour with 

is about 7. The predates from L organS^yefwas f S an^w^^^ 9 thr6e times urltil " H 

**'-A«e^^^^ 

Example 9 ■ Synthesis Of 9,l0-m.p.f6.methown a nh.hvm a n^^ f ^ pn „ nf , ffl 

which was fresh by prepared from 50 0 g £ 21 Trnc?? oJfSJi ££? eth0Xy ^"^^esium bromide, 
g of magnesium h IwfX^TH ^SSSSS ^T* 6 in 400 mL * ** THF 5-6 
maintained at ref .ux for three £ iXX 125552 1 0 K* JST *• rea <*°" was 

carefully added. After removal of the sZ^Tau^^ 1*J^ J? ° f 1S% , ** xhWc acid ^ 
water until P H = 7. The crude product WSSJE MO 2 \l ^ W3S ,iltered «* « Bshed with 
tered and washed with a smaH amourtd S a^n^ Q nt^ S n T^ 9 for ° ne hot,r After «*» « was f il- 
cene (Compound 45). YieW77 1 % aM ' 0n * * 9,Ve 34 0 9 01 pure 9.10^-[2-(6-methoxynaphthyl)]anthra- 
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storage life of the EL device. a ' S ° ' nClUde in 1he to improve the 
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[0055] The results of the EL devices from examples 10 to 18 are shown in Table I. Example 10 is a comparative 
example. Compound 3 used in this example is an aryiamine. The light output and luminous efficiency obtained this EL 
device were substantially lower in comparison with the EL devices of Examples 11-18, which used aromatic hydrocar- 
bons as the hole transport layer. An efficiency gain on the order of 30 to 40% has been realized by using an aromatic 
5 hydrocarbon as the hole transport layer. 



Table I 





Hole transport 
layer 


Electron trans- 
port and emis- 
sive layer 


Applied Voltage 
(V) 


Brightness 
(od/m 2 ) 


Efficiency (cd/A) 


Color 


Example 10 


Compound 3 


Alq 


7.5 


578 


2.9 


Green 


Example 1 1 


Compound 61 


Alq 


16.1 


433 


2.17 


Green 


Example 12 


Compound 17 


Alq 


6.3 


855 


4.2 


Green 


Example 13 


Compound 11 


Alq 


8.9 


929 


4.65 


Green 


Example 14 


Compound 12 


Alq 


10.7 


877 


4.22 


Green 


Example 15 


Compound 36 


Alq 


8.6 


820 


4.10 


Green 


Example 16 


Compound 53 


Alq 


9.0 


726 


3.63 


Green 


Example 17 


Compound 54 


Alq 


7.8 


836 


4.18 


Green 


Example 18 


Compound 45 


Alq 


8.5 


879 


4.39 


Green 



Examples 19 to 25 

[0056] EL devices of this invention were constructed in a manner similar to Example 10-18. The organic EL 
30 medium has an anode, a hole transport layer, an emissive layer, an electron-transport layer, and a cathode. The sub- 
strate was glass. 

a) The anode was a conductive indium-tin-oxide (ITO) coated on a glass substrate. It was about 1000 Angstrom 
thick. The ITO glass was cleaned using a commercial glass plate cleaner. Prior to the deposition of the organic lay- 
as ers, the ITO substrate was subjected to an oxygen plasma dean in a commercial etcher. 

b) A hole transport layer about was deposited onto the ITO substrate by vacuum vapor deposition using a tantalum 
boat source. The layer thickness was about 600 Angstroms. 

c) An emissive layer was deposited on top of the hole transport layer by vacuum vapor deposition using a tantalum 
boat source. The layer thickness was about 350 Angstroms. 

40 d) An electron transport layer was deposited on top of the emissive layer by vacuum vapor deposition using a tan- 
talum boat source. The layer thickness was about 350 Angstroms. 

e) A cathode layer was deposited on top of the electron transport layer. The layer thickness was about 2000 Ang- 
stroms and the atomic composition of the cathode was about 10 parts magnesium and 1 part silver. 

45 [0057] The above deposition sequence was completed in a single sequence without a vacuum break between the 
deposition of individual layers. The completed EL device was then sealed with a cover glass plate in a dry glove box for 
protection against ambient environment. A desiccant material was also include in the sealed package to improve the 
storage life of the EL device. 

[0058] The results of the EL devices from examples 19 to 25 are shown in Table II. Example 19 is a comparative 
so example using an aryiamine (Compound 3) as the hole transport layer. The light output and luminous efficiency 
obtained from this EL were substantially tower in comparison with the EL device of Examples 20, which used an aro- 
matic hydrocarbon Compound 1 7 as the hole transport layer instead of an aryiamine. Otherwise, both EL devices have 
an identical structure. An efficiency gain of 34% has been realized in using the aromatic hydrocarbon as the hole trans- 
port layer. Example 24 is another comparative example using an aryiamine (Compound 3) as the hole transport layer. 
55 The red light output and luminous efficiency obtained from this EL were substantially lower in comparison with the EL 
device of Examples 25, which used an aromatic hydrocarbon of Compound 1 7 as the hole transport layer instead of an 
aryiamine. Otherwise, both EL devices have an identical structure. An efficiency gain of 80% has been realized in using 
the aromatic hydrocarbon as the hole transport layer. 
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Claims 
1 



in an 



55 2. 



An organic electroluminescent device, comprising: 
An organic electroluminescent device, comprising: 

at least two portions, the 
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first portion including a fluorescent dye and the second portion providing an electron transport function, 
wherein; 

the hole transport layer includes at least an aromatic hydrocarbon or fused hydrocarbon containing at least 20 
carbon atoms and having an ionization potential greater than 5.0 eV. 

The organic electroluminscent device of claim 2wherein the fluorescent dye is selected to emit light substantially in 
the red, green or blue portions of the spectrum. 

The organic electroluminscent device of claim 2 wherein the fluorescent dye is a mixture of dyes is selected to emit 
light in substantially different portions of the spectrum. 
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FIG. 2 
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